Abbreviations: aa amino acid; AK actinic keratosis; BCC basal cell carcinoma; CV coefficient of variation; EV epidermodysplasia verruciformis; HPV human papillomavirus; NMSC non-melanoma skin cancer; ORF open reading frame; RCA rolling circle amplification; SCC squamous cell carcinoma; SK seborrhoeic keratosis; URR upstream regulatory region.
SUMMARY
The human papillomaviruses (HPVs) exist as more than 100 distinct types. While variants of HPV are common, only few HPV subtypes have been reported. HPV type 38 has been proposed to be associated with non-melanoma skin cancer (NMSC), with reported prevalences of up to 55%. A subtype of HPV38 was cloned, completely sequenced and found to have a 96% sequence similarity to prototype HPV38 in the L1 open reading frame. The presence of prototype HPV38 and HPV38b [FA125] was examined in paired biopsies of tape-stripped skin lesions and healthy skin from 269 immunocompetent patients by real-time PCR. Prototype HPV38 and HPV38b [FA125] were present in seven (3%) and five (2%) lesions, respectively, in viral loads ranging from one copy per 150 cells to one copy per 70 000 cells. In summary, we found that HPV38 is heterogeneous and is one of so far only few HPVs that contain subtypes. The heterogeneity needs to be considered in studies of the biology of this virus.
INTRODUCTION
Non-melanoma skin cancers (NMSC) are the most prevalent malignancies in the Caucasian population 1 and an increase in prevalence has been seen in European countries during the last few years 2 . NMSC comprises basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). BCC has a relatively good prognosis, while SCC accounts for up to 20% of all deaths from skin cancer 3 .
NMSC are often found on sun-exposed sites in patients with the rare inherited genetic disease epidermodysplasia verruciformis (EV) 4 . These patients are highly susceptible to human papillomavirus (HPV) infections 5, 6 mainly by the Beta-papillomaviruses, a phylogenetic subgroup of cutaneous HPVs (e.g., HPV5 and HPV8) 7 . These HPV types are detectable in skin carcinomas, as well as in control specimens of healthy skin from the general population [8] [9] [10] [11] [12] .
There are more than 100 different HPV types that have been completely sequenced 7 . In addition, there appears to exist about a hundred additional putative HPV types, with sequence information so far available only from PCR amplimers 8, [13] [14] [15] [16] . Variants of HPV types contain more than 98% sequence homology in the L1 open reading frame (ORF) 7 . Variants is a common finding that appears to associate with ethnic groups and sometimes even with biologic behaviour of the virus 17, 18 . By contrast, subtypes containing 90-98% sequence homology in the L1 region are very rare, with HPV 68a/HPV68b, HPV46, HPV55 and HPV64 (now known to be subtypes, originally thought to be different viruses) being the only fully characterised examples 7, 17 . Although the reasons for this are not known, existence of subtypes has profound implications for design of virus detection systems and for understanding of the biology of the viruses.
Epidemiological studies have established a causal association between UV-radiation and NMSC 3 , but the role of HPV in these cancers remains to be elucidated.
A recent study 19 has demonstrated that the early proteins E6 and E7 of HPV38 are sufficient to substantially increase the lifespan of primary human keratinocytes by deregulation of the cell cycle control. Furthermore, HPV38 E7 targets the retinoblastoma protein (pRb) with about the same efficiency as HPV16 E7 19, 20 .
HPV38 has been proposed to be a skin cancer-associated HPV type based on reported prevalences of 7% to 55% in BCC, 13% to 46% in SCC and 17% to 43% in actinic keratosis (AK) 19, [21] [22] [23] . In comparison, HPV38 has been detected in 10% of healthy skin biopsies 19 and in 25% of plucked eyebrow hairs 24 . A possible reason for the variability in reported HPV DNA prevalences is the fact that the skin surface contains high amounts of viral DNA, whereas the skin lesions themselves contain less viral DNA 16 . For example, actinic keratosis demonstrated an HPV DNA prevalence of 70% in non-stripped biopsies 21 and 11% in stripped biopsies 16 . We have therefore proposed the use of tape stripping of the skin surface before taking biopsies as a method of increasing the likelihood that the reported presence of HPV DNA is indeed related to the skin lesion itself 16 . Two commonly used general primer PCR systems for detection of cutaneous HPVs are the FAP 13 and nested FAP 25 . Employing these PCRs, with subsequent cloning and sequencing of amplicons, a closely related HPV38 sequence, isolate FA125 (GenBank accession no. AY468422) 16 , was found in 16 samples from 978 stripped skin biopsies, whereas the prototype HPV38 was not detected (Forslund, unpublished data).
In the present study, our aims were to sequence the complete genome of the FA125 isolate, to determine its relatedness to HPV38, to design specific PCRs for HPV38 and FA125 with equal sensitivities, and to explore the presence of HPV38 and the putative subtype FA125 in skin lesions of SCC, BCC, AK, seborrhoeic keratosis (SK) and in paired healthy skin. The amplified DNA fragments were used as templates in primer walking, overlapping, sequencing reactions. Subjects and samples. Stripped lesions and healthy skin biopsies 16 from patients with the diagnoses AK (n = 52), SK (n = 47), BCC (n = 118), or SCC (n = 52) were collected from 269 immunocompetent patients attending dermatology clinics in Sweden. The samples were selected from a larger series of 489 patients, in order to arrive at a matched subsample, where all four skin lesion groups were matched for age and sex. All four groups had an average age of 77 years, ± 1 year. The distribution between men and women was 55% and 45% respectively, ± 1%, within each group, except for the SCC group that had slightly more men (58%).
MATERIAL AND METHODS

Overlapping amplicons. (i)
The DNA from each biopsy was extracted and dissolved in 200 µl TE buffer (10 mM TrisHCl, 0.1 mM EDTA, pH 8.0) using a simple phenol-free method 13 . To ensure the quality of the extracted DNA, all samples were analysed for the presence of the -globin gene 16 and found to be positive. Swab samples from the tops of the lesions (before stripping) were collected in 1 ml saline 16 . 
Detectability of prototype HPV38 and
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RESULTS
Complete genome of HPV38b[FA125]. The complete genome of HPV38b[FA125]
(GenBank accession no. DQ090005) contained 7400 bp, which correlates with the size of HPV38. The E6 and E7 proteins showed 100% similarity to HPV38, whereas the E4 protein only showed 94% similarity ( Table 1) . Each of the other proteins encoded by HPV38b[FA125] showed high similarity to the corresponding proteins of HPV38 (Table 1) .
At the nucleotide level, the ORFs of L1 and L2 showed 96% sequence similarity to HPV38
( Table 2) .
Comparison with the three-dimensional structure of the L1 ORF of HPV16 33 , showed that six of the altered amino acids were most likely positioned in the hypervariable loops that extend towards the HPV capsid surface ( Table 2 ). The non-conservative substitution at position 138 in HPV38 was in the position immediately before the surface-exposed hypervariable residue 138 in the DE loop of HPV16. Similarly, the substitution at position 291 was immediately before the surface-exposed hypervariable residue 285 in the FG loop of HPV16, which has been implicated as an important residue for binding of a major neutralising antibody 34, 35 . The possible surface exposure of the adjacent substitution at residue 288 in HPV38 is difficult to predict since the FG loop of HPV38 contains an insertion of seven amino acids seven residues before this position, compared to that of HPV16.
Real-time PCR.
Plasmid titration series showed that the real-time PCR assays for both (Table 3) . Only one patient was positive for the same virus type both in the lesion and in the healthy skin sample (Table   3 ). None of the samples were positive for both HPV38 and HPV38b[FA125].
Nine out of 12 swab samples, taken from the tops of lesions that were found to be HPV38 or HPV38b[FA125] positive, were positive for the same virus as in the lesion (Table 3 ).
The -globin gene was detected in all lesion and healthy skin biopsies that were positive for HPV38 or HPV38b[FA125]. However, only 50% (6/12) of the swab samples from the tops of the lesions were -globin positive (Table 3 ). Therefore, virus copies per µl sample solution were calculated, ranging from two viral copies per µl to 130 viral copies per µl ( Table 3) .
Detectability of prototype HPV38 and HPV38b[FA125] by commonly used PCR primer
systems. Because testing with the FAP and nested-FAP primers, which were specifically designed to detect as many of the Beta-and Gamma-papillomaviruses as possible, had shown 16 of 978 samples positive for isolate FA125, but none for prototype HPV38, we evaluated the comparative sensitivity of these PCR systems using serial dilutions of cloned plasmids in the presence of human DNA. The FAP PCR system was capable of detecting approximately 10 copies per sample of HPV38b[FA125], but only around 100 copies per sample of prototype HPV38. The nested-FAP PCR, however, detected both HPV38 and
HPV38b
[FA125] at one copy per sample. The HPV38 type-specific PCR system of Caldeira et al. 19 was also tested and detected approximately 100 copies per sample of prototype HPV38, and around 1000 copies per sample of HPV38b[FA125].
DISCUSSION
In this study, we report that HPV38, one of the major HPV types suspected to be involved in NMSC, also exist as at least one subtype in addition to the prototype virus. 37 , and HPV5 has been found to have several subtypes 38, 39 , suggesting that subtypes may be more common among cutaneous HPV genotypes than among other HPVs. Such heterogeneity should be taken into account when designing new detection systems for a genotype.
Since the E6 and E7 proteins of HPV38 and HPV38b[FA125] were completely homologous, differences in possible carcinogenicity between these two types is not likely. Rather, our results indicate differences in the immunology and/or biology of the prototype and its subtype. The heterogeneity of HPV38 affected the E4 protein in particular, which is known to be expressed in very large amounts by some cutaneous HPV types 40 . The E4 protein is also thought to be a major target of CD4+ responses to HPV 41 . The fact that the amino acid substitutions in the L1 protein were clustered in the surface-exposed loops of rates ranging from 7% to as high as 55% 19, 21, 23 . This discrepancy is likely to be attributable to the removal of superficial cells with tape, which is known to reduce HPV DNA prevalences 16 .
The virus DNA load was higher in the swab samples taken from the tops of the lesions than in the corresponding biopsies, indicating that most of the HPV38 DNA was present on top of the lesions and only to a minor extent in the lesions themselves. The fact that the -globin gene was not detectable in several swab samples that had detectable HPV DNA suggests that the DNA in virions is more protected from degradation than human cellular DNA 8 .
We found that the HPV38 type-specific primers used by Calderia (2003) 
